Introduction
============

In various countries around the world, stroke is a common cause of disability,[@b1-ppa-11-1309] and ranks as third in the top ten leading causes of death in Taiwan. Stroke affects nearly 800,000 people in the USA every year[@b2-ppa-11-1309] and approximately 40,000 people in Taiwan. Stroke can cause numerous sequelae including limb weakness, sensory deficits, aphasia, dysphagia, hemineglect, visual field deficit, coordination problems, and cognitive impairment.[@b3-ppa-11-1309],[@b4-ppa-11-1309] Furthermore, anxiety, depression, and lower physical activity are common symptoms in stroke survivors.[@b5-ppa-11-1309],[@b6-ppa-11-1309] Rehabilitative services are the primary mechanism to promote functional recovery and achievement of independence in stroke patients.[@b7-ppa-11-1309] After the acute stroke stage, when neurological symptoms and vital signs are stable, patients with functional impairment enter the post-acute stage and undergo rehabilitation. More than two-thirds of stroke survivors receive rehabilitative care.[@b2-ppa-11-1309]

Patients who still suffer from functional deficits cannot directly return to their home and community after their medical treatment. Therefore, a treatment model as a transitional phase between discharge and returning home is required. At present, there are two systems: the first includes subacute care and post-acute care (PAC) in the USA and the second involves intermediate care in the UK.[@b8-ppa-11-1309]--[@b10-ppa-11-1309] These care models all aim to achieve improvement in function and successful return to home at a lower cost of hospitalization.[@b2-ppa-11-1309],[@b7-ppa-11-1309]

PAC rehabilitation for stroke in the USA is highly heterogeneous, varying in the type of care setting, duration, intensity, and the degree of involvement of the physician, nurse, therapist, and other specialists.[@b7-ppa-11-1309] With respect to the intensity of rehabilitative care, depending on the setting, the highest intensive rehabilitation care is provided in inpatient rehabilitation facilities (IRFs), followed by skilled nursing facilities (SNFs) which provide subacute nursing and rehabilitation. Long-term care hospitals (LTCHs) are another inpatient setting for PAC rehabilitation. Stroke rehabilitation care can also be provided by a home healthcare agency (HHCA) or at outpatient clinics in the community.[@b7-ppa-11-1309],[@b8-ppa-11-1309] There is strong evidence that multidisciplinary and organized inpatient stroke rehabilitation not only reduces mortality rates and the likelihood of institutional long-term care but also enhances functional recovery and increased independence in daily living.[@b11-ppa-11-1309],[@b12-ppa-11-1309]

Since the beginning of March 1995, Taiwan's universal National Health Insurance (NHI) has covered more than 96% of Taiwan's population. According to studies from the NHI database, stroke patients have a high readmission rate and prolonged hospital stay.[@b13-ppa-11-1309],[@b14-ppa-11-1309] No PAC program existed in Taiwan; therefore, in 2014, the NHI implemented a pilot post-acute care program, named Post-acute Care Cerebrovascular Diseases (PAC-CVD), for stroke. Patients enrolled in this program were referred from acute wards and diagnosed as acute stroke patients in the post-acute phase with the potential for improvement and the intention to receive rehabilitative care. The PAC program was provided in community or regional hospitals. In order to implement a vertically integrated medical system, patients would have to receive an initial evaluation at a medical center and then be referred to a regional or community hospital for this program. It was hoped that this integrated and continuous care model could help patients regain function or reduce their disability. This study analyzed the scores for function and quality of life both before and after this PAC program, and hypothesized that patients would have better function and quality of life after this program. The study discussed the program's clinical impact by comparing it with PAC models in other countries.

Methods
=======

Subjects
--------

This study analyzed the de-identified database of patients who met the inclusion criteria of the PAC-CVD program from January 2014 to December 2015 in one regional hospital, which had the most case numbers in this pilot program in central Taiwan. The inclusion criteria of this program were applicable to patients within 1 month of stroke attack (ICD9:430\~437), in stable medical condition, with functional status defined as a Modified Rankin Scale (MRS)[@b15-ppa-11-1309] score of 2--4, and with the potential for functional recovery after rehabilitation (possessing basic cognition, learning ability, and intention; having sufficient physical strength to maintain a sitting posture with the support of a wheelchair or bed edge for at least 1 hour; and having the ability to proactively participate in the rehabilitation program). The program's closing (discharge) regulations were that the patients showed 1) functional improvement and the ability to receive rehabilitation in the community; 2) no functional improvement based on two continuous functional evaluations; 3) no potential for functional recovery based on care-team evaluation; 4) patients had stayed more than 12 weeks; 5) patients quit this program; or 6) patients died. All patients enrolled in the PAC program signed an informed consent prior to inclusion. This informed consent gave permission to use anonymized medical data for research. This study was approved by the Institutional Review Board of Tasotun Psychiatric Center (Nan-Tou, Taiwan).

Study design
------------

This retrospective cohort study collected the scores for various scales at admission/enrollment evaluation and discharge closure evaluation to determine their overall functional progress. This study used fall, mortality, readmission, and tube (nasogastric tube, Foley tube, tracheostomy tube) removal rates to determine the care quality of the post-acute care. Overall, patients received follow-up from admission to 14 days after discharge.

According to the NHI's rules for the program, all patients were to receive comprehensive post-acute care in a hospital by a care team composed of a case manager, physiatrist or physician familiar with stroke care, physical therapist, occupational therapist, speech therapist, nutritionist, pharmacist, and social worker. In addition, the care team provided a 1- to 3-hour intensive rehabilitation program, depending on the patient's ability, every weekday. They also convened periodic weekly meetings to report the initial, interim, and closure evaluations of patients, as well as to discuss the goal, plan of treatment, and effectiveness of rehabilitation. During hospitalization, records included basic personal information such as, gender, date of birth, type and site of the stroke, length of stay, whether there was an indwelling tube (tracheostomy, nasogastric, or Foley tubes), and whether these tubes were removed, etc. In addition, assessment of function and quality of life, including the MRS for evaluation of general condition (scale of scores: 0--6; lower = better performance),[@b15-ppa-11-1309] the Barthel Activity Daily Living Index (B-ADL; range of scores: 0--100; higher = better performance),[@b16-ppa-11-1309] the Lawton--Brody Instrumental Activity Daily Living scale (LB-IADL; scale of scores: 0--8; higher = better performance),[@b17-ppa-11-1309] the Functional Oral Intake Scale (FOIS; scale of scores: 1--7; higher = better performance),[@b18-ppa-11-1309] the Mini Nutrition Assessment (MNA; range of scores: 0--30; higher = better performance),[@b19-ppa-11-1309] the EuroQol Five Dimensions Questionnaire (EQ-5D) for evaluation of quality of life (scale of scores: 1--3; lower = better performance),[@b20-ppa-11-1309] the Berg Balance Scale (BBS) for evaluation of balance function (range of scores: 0--56; higher = better performance),[@b21-ppa-11-1309] the Mini Mental State Examination (MMSE; range of scores: 0--30; higher = better performance, age and education relative),[@b22-ppa-11-1309] and Concise Chinese Aphasia Test (CCAT; scale of scores: 1--12; higher = better performance)[@b23-ppa-11-1309] were performed by members of a care team at admission, every 3 weeks, and at discharge ([Figure 1](#f1-ppa-11-1309){ref-type="fig"}).

Statistical analysis
--------------------

This study used SPSS WIN version 18 (SPSS, Version 18.0; Chicago, USA) to analyze the research data. Descriptive statistics included the percentage, mean, and standard deviation. This study used the paired *t*-test, which was adjusted by age and neurological severity (MRS), to compare the functional status and quality of life before and after PAC; *P*\<0.05 was defined as the level of statistical significance in the two-tailed analysis.

Results
=======

A total of 169 patients, who were mostly referred from the acute ward of two medical centers, were admitted to and participated in this program at one regional hospital. One patient died due to an acute cardiac event during hospitalization. Therefore, 168 patients completed all evaluations.

As shown in [Table 1](#t1-ppa-11-1309){ref-type="table"}, the basic information on the 168 patients was as follows: the average age was 63.01±13.24 years, including 99 male patients (58.9%) and 69 female patients (41.1%); the average number of days after stroke at admission was 15.56±7.58; the average length of stay in the PAC hospital was 43.57±26.28 days; 126 patients (75.0%) suffered from ischemic stroke and 42 patients (25.0%) suffered from hemorrhagic stroke; and 77 patients (45.8%) suffered from right hemiplegia, 88 patients (52.4%) suffered from left hemiplegia, and three patients (1.8%) suffered from bilateral hemiplegia.

There were 32 patients (19.0%) with a nasogastric tube, nine patients (5.4%) with a Foley catheter, and none of the patients had a tracheostomy tube at admission. The removal rate for the nasogastric tube and Foley catheter was 62.5% and 88.8%, respectively, after the rehabilitation program. Twenty-five patients (14.9%) suffered from a fall, and the mortality rate was 0.6% (one patient died of a cardiac event) during hospitalization. After discharge, 129 patients (76.8 %) returned to their home and community, 11 patients (6.5%) were referred to a long-term care facility, and 28 patients (16.7 %) were transferred to an acute ward due to infection (urinary traction infection and pneumonia) or recurrent stroke. The readmission rate within 14 days was 5.6%.

On comparing the evaluation after this program against the initial values, there was significant improvement in the MRS, B-ADL, LB-IADL, FOIS, MNA, EQ-5D (Mobility, Self-care, Usual Activities, Anxiety/Depression), BBS, and MMSE and no significant improvement in EQ-5D (Pain/Discomfort) and CCAT ([Table 2](#t2-ppa-11-1309){ref-type="table"}). At enrollment, three patients (1.8%) were classified as MRS 2, 42 patients (25.0%) were classified as MRS 3, and 123 (73.2%) patients were classified as MRS 4 ([Table 3](#t3-ppa-11-1309){ref-type="table"}). Upon case closure, the level of 69 patients (41.1%) improved by ≥1. The comparison of the difference in B-ADL before and after hospitalization showed that the scores of 142 patients (84.5%) improved. The score of FOIS in 73 patients (43.4%) improved as did the score of BBS in 142 patients (84.5%). [Table 4](#t4-ppa-11-1309){ref-type="table"} shows the change of EQ-5D.

Discussion
==========

The sequelae of stroke often lead to a great healthcare burden. How stroke patients can be transferred after the acute stage to a post-acute care unit, have maximum functional recovery, and return to their home and community is an important research topic. The average age of patients in this study was 63.01 years. After the intervention of the PAC program for an average of 43.57 days, patients displayed significant improvement in the aspects of general condition (MRS), activity of daily living (B-ADL), instrumental activity of daily living (LB-IADL), nutritional status (MNA), quality of life associated with mobility, self-care, usual activity, anxiety/depression (EQ-5D), intake condition (FOIS), balance (BBS), and mental status (MMSE). However, quality of life associated with pain/discomfort (EQ-5D) and Speech function (CCAT) displayed no obvious progress. After discharge, 76.8% of the patients could return to their home and community. Some review articles have also pointed out the same result with post-care rehabilitation for stroke patients, specifically the reduction of death, dependency, and institutionalization.[@b24-ppa-11-1309],[@b25-ppa-11-1309] This program also emphasized that stroke patients in an acute unit could be directly transferred to their community to receive rehabilitation resources as long as their condition was suitable for their return to their home and community by evaluation in the medical center -- a model similar to Early Supported Discharge (ESD) for American patients.[@b26-ppa-11-1309] Therefore, the ratios of MRS 2 and 3 are smaller in [Table 3](#t3-ppa-11-1309){ref-type="table"}.

In the USA, after acute stroke, approximately 70% of Medicare beneficiaries received PAC in different settings and most of them availed rehabilitation services.[@b7-ppa-11-1309] Some studies compared the stroke patients receiving PAC in IRF and SNF. The results demonstrated that IRF patients had a higher rate of return to their community and greater functional recovery.[@b27-ppa-11-1309],[@b28-ppa-11-1309] The biggest difference between them was that IRF provided at least 3 hours of rehabilitation and a physician with rehabilitation training visited every weekday.[@b3-ppa-11-1309],[@b29-ppa-11-1309] Another review also deemed that hospital-initiated transitional care could improve the outcome of stroke patients.[@b30-ppa-11-1309] In Taiwan, stroke patients received rehabilitation service in rehabilitation wards or community rehabilitation facilities after the acute medical stage; the NHI previously provided no PAC setting; therefore, this PAC program was the first PAC hospital program. The hospital from which this study collected samples provided multidisciplinary rehabilitation team service, including a physiatrist visit and 3 hours of rehabilitation therapy every weekday. The results showed that the readmission rate within 14 days was 5.6%, which was better than that reported in previous studies from the Taiwan NHI database.[@b14-ppa-11-1309],[@b31-ppa-11-1309]

In Taiwan, the presence of a nasogastric tube and Foley catheter inserted in the body constituted one of the main reasons why patients and their families were apprehensive about returning to their community, and this prolongs the stay in a hospital or nursing institution. Through the coordinated efforts of physiatrists, nurses, therapists, and nutritionists in this program, the removal rate of the nasogastric tube and Foley catheter was 62.5% and 88.8%, respectively, which directly increased the return rate of patients to their home and community after discharge. Stroke patients were prone to falls. Between 14% and 65% of stroke survivors had fallen in the hospital, while 73% of stroke survivors had fallen within 6 months after returning home.[@b32-ppa-11-1309] Moreover, fear of falling was significantly associated with earlier falls and poor physical function.[@b33-ppa-11-1309] BBS was often adopted to evaluate the balance function of stroke patients and to predict the probability of a fall.[@b21-ppa-11-1309] This study showed that the score of the BBS scale improved significantly after the intervention of the program, but 25 patients (14.9%) still fell in the hospital. Therefore, related patient and carer education and prevention of falls in PAC were shown to be vital.

This program required that stroke patients be evaluated by a case manager while they were in the acute stroke unit. If they met the criteria for recruitment into the program, they could be immediately transferred to the hospital within this PAC program so as to reduce their time in the acute unit, resolve the acute unit's lack of beds, and reduce wastage of acute care medical resources. In particular, as the NHI in Taiwan began to gradually implement a different payment system, Diagnosis Related Groups (DRG), the length of stay in the acute unit has been further shortened. The average days from the onset of a stroke to the transfer to the PAC ward (equal to the length of stay in an acute unit) was 15.56 days in this study, compared with the data from the USA; that is, the average length of stay of ischemic stroke patients was 4 days.[@b7-ppa-11-1309] Although length of stay in an acute unit was still longer in this program, this was mainly because some acute wards also provided acute rehabilitation services, which increased the length of hospitalization, and there was no stroke DRG in Taiwan. Further, the data in this study included ischemic and hemorrhagic stroke patients. In this program, occupational therapists could help with the training on adaptive equipment and provide suggestions for improving the home environment. Some literature also indicated that such services could increase independence in ADLs.[@b34-ppa-11-1309] Furthermore, after returning to their community, a high percentage of stroke patients needed to use household and therapy services.[@b35-ppa-11-1309] This program also emphasized early discharge planning during hospitalization and referred patients needing such services to appropriate providers.

In terms of the assessment of quality of life (EQ-5D), anxiety/depression was significantly improved after the intervention of this program. Studies on the assessment of stroke patients found that 31% of patients suffered from depression, while 27% experienced anxiety. There was also a high co-morbidity of both conditions.[@b5-ppa-11-1309],[@b36-ppa-11-1309] A large cohort study of stroke patients evaluated over a 5-year period indicated that, 5 years after the onset of stroke, a high percentage of patients were still experiencing depression (33%) and anxiety (29%). Based on this and previous studies, during the PAC stage, or even after returning to their community, stroke patients still had a high potential to have mood issues that should be assessed, prevented, and intervened with as early as possible during PAC.[@b5-ppa-11-1309]

This study conducted a retrospective analysis of the samples collected from only one hospital. The study's number of samples was the highest in central Taiwan, but some studies have pointed out that geographic variations could have influenced the application of PAC;[@b37-ppa-11-1309] therefore, the results of this study could not represent the overall benefits of the PAC-CVD program in Taiwan as a whole. In addition, recruitment of a higher percentage of a younger population (\<65 years old) for the study could create a better outcome than recruitment from the general elderly population. However, after the comparison between this study and the relative studies on stroke patients from the Taiwan NHI database, the analytical results of characteristic data were similar, indicating that the patient group in this study was partially representative.[@b13-ppa-11-1309],[@b14-ppa-11-1309],[@b38-ppa-11-1309] Moreover, this study excluded stroke patients whose MRS was 5, as their functions were poor in the acute stage. However, some of them could still receive low-intensity PAC rehabilitation to enhance their functions. The pilot PAC care model for stroke had a positive impact; therefore, the NHI in Taiwan will have more PAC care models in the future. Further prospective studies can randomly assign patients to participate in the program in multiple areas in order to further confirm the effectiveness and clinical impact of this PAC program.

Conclusion
==========

This study concluded that the pilot PAC program significantly promoted functional recovery for stroke patients in Taiwan. It could help them to return to their home or community earlier and reduce institutionalization. Thus, stroke patients with the potential for functional recovery could receive PAC in regional or community hospitals after discharge from acute wards.
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###### 

Baseline data of stroke patients

                              N     \%     Mean ± SD
  --------------------------- ----- ------ -------------
  Gender                                   
   Male                       99    58.9   
   Female                     69    41.1   
  Age (years)                 168          63.01±13.24
   \<65                       88    52.4   
   65--74                     43    25.6   
   ≥75                        37    22.0   
  Affected side                            
   Left                       77    45.8   
   Right                      88    52.4   
   Bilateral                  3     1.8    
  Days after stroke           168          15.56±7.58
  Stroke type                              
   Ischemic                   126   75.0   14.33±7.41
   Hemorrhagic                42    25.0   19.02±7.07
  Length of stay in the PAC   168          43.57±26.28

**Abbreviation:** PAC, post-acute care.

###### 

Effect of functional performance and quality of life in patients with stroke

                             N     Admission     Discharge     *P*-value
  -------------------------- ----- ------------- ------------- ---------------------------------------------------
  MRS                        168   3.71±0.49     3.26±0.76     0.000[\*](#tfn2-ppa-11-1309){ref-type="table-fn"}
  B-ADL                      168   44.08±23.38   70.24±29.41   0.000[\*](#tfn2-ppa-11-1309){ref-type="table-fn"}
  LB-IADL                    168   1.5±1.42      3.0±2.34      0.000[\*](#tfn2-ppa-11-1309){ref-type="table-fn"}
  FOIS                       168   5.48±1.86     6.33±1.28     0.000[\*](#tfn2-ppa-11-1309){ref-type="table-fn"}
  MNA                        168   10.72±3.51    12.70±5.04    0.000[\*](#tfn2-ppa-11-1309){ref-type="table-fn"}
  EQ-5D:mobility             168   2.11±0.42     1.71±0.57     0.000[\*](#tfn2-ppa-11-1309){ref-type="table-fn"}
  EQ-5D:self-care            168   2.42±0.56     1.93±0.69     0.000[\*](#tfn2-ppa-11-1309){ref-type="table-fn"}
  EQ-5D:usual activities     168   2.33±0.53     1.89±0.62     0.000[\*](#tfn2-ppa-11-1309){ref-type="table-fn"}
  EQ-5D:pain/discomfort      168   1.19±0.48     1.13±0.37     0.203
  EQ-5D:anxiety/depression   168   1.32±0.53     1.14±0.38     0.000[\*](#tfn2-ppa-11-1309){ref-type="table-fn"}
  BBS                        168   18.48±16.32   35.98±18.08   0.000[\*](#tfn2-ppa-11-1309){ref-type="table-fn"}
  MMSE                       161   19.05±9.22    22.16±9.84    0.001[\*](#tfn2-ppa-11-1309){ref-type="table-fn"}
  CCAT                       58    8.74±3.88     9.25±3.91     0.823

**Notes:**

*P*\<0.05. Data presented as mean ± SD unless otherwise indicated.

**Abbreviations:** MRS, Modified Ranking Scale; B-ADL, Barthel Activity Daily Living index; LB-IADL, Lawton--Brody Instrumental Activity Daily Living scale; FOIS, Functional Oral Intake Scale; MNA, Mini Nutrition Assessment; EQ-5D, EuroQol Five Dimensions questionnaire; BBS, Berg Balance Scale; MMSE, Mini Mental State Examination; CCAT, Concise Chinese Aphasia Test.

###### 

Ratio of Modified Rankin Scale (MRS) at admission

  Disability level                   N     \%
  ---------------------------------- ----- ------
  0 (no symptoms)                    0     0
  1 (no significant disability)      0     0
  2 (slight disability)              3     1.8
  3 (moderate disability)            42    25.0
  4 (moderately severe disability)   123   73.2
  5 (severe disability)              0     0

**Notes:** 1, Despite symptoms able to perform all usual duties and activities. 2, Unable to perform all previous activities but able to look after own affairs without assistance. 3, Requires some help, but able to walk without assistance. 4, Unable to walk without assistance and unable to attend to own bodily needs without assistance. 5, Bedridden, incontinent, and requires constant nursing care and attention.

###### 

Number and ratio of the change of EQ-5D after the program

                       Better       Unchanged     Worse
  -------------------- ------------ ------------- -----------
  Mobility             69 (41.0%)   94 (56.0%)    5 (3.0%)
  Self-care            79 (47.0%)   85 (50.6%)    4 (2.4%)
  Usual activities     69 (41.1%)   96 (57.1%)    3 (1.8%)
  Pain/discomfort      23 (13.7%)   129 (76.8%)   16 (9.5%)
  Anxiety/depression   39 (23.2%)   117 (69.6%)   12 (7.2%)

**Abbreviation:** EQ-5D, EuroQol Five Dimensions questionnaire.
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